INTRODUCTION {#sec1-1}
============

Urothelial cell carcinoma of the bladder is the ninth-most common cancer worldwide. At the time of diagnosis, 75-80% cases of bladder cancer are classified as non-muscle-invasive bladder cancer (NMIBC). This grouping consists of the pathologic stages Ta (papillary), T1 (invading into the lamina propria), and carcinoma *in situ* (CIS). The pathologic stages are further subclassified as low- or high-grade based on the 2004 World Health Organization (WHO) classification and as grade 1, 2, or 3 based on the 1973 WHO classification.\[[@ref1][@ref2]\] The European Organization for Research and Treatment of Cancer (EORTC) has produced a risk calculator to stratify patients into low-, intermediate-, and high-risk categories for recurrence and progression of disease \[[Table 1](#T1){ref-type="table"}\].\[[@ref3]\] Following transurethral resection, adjuvant induction therapy followed by maintenance treatment with bacillus Calmette-Guérin (BCG) is the standard of care for the treatment of some cases of intermediate and all cases of high-risk NMIBC.\[[@ref4][@ref5]\] Despite the promises of BCG, long-term disease-free and progression-free survival is difficult to achieve.\[[@ref6]\] BCG failures are further classified into BCG-refractory, BCG-resistant, BCG-relapsing, and BCG-intolerant disease \[[Table 2](#T2){ref-type="table"}\].\[[@ref7]\]
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Risk stratification of NMIBC
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Definition of BCG failure
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Currently, cystectomy is recommended as the standard of care after BCG failure in patients with high-risk disease. If cystectomy is performed before progression to muscle-invasive disease, cancer-specific survival has been reported to be over 90%.\[[@ref8]\] However, other studies have compared early cystectomy with delayed cystectomy in patients failing BCG and shown a 10-year cancer-specific survival rate of 78% in the early cystectomy group versus 51% in a deferred cystectomy group, with upstaging in 30% of the cystectomy cases.\[[@ref9]\] A recent review of the Surveillance, Epidemiology and End Results (SEER) Medicare data suggests that most recurrences occur within the first 2 years from initial therapy.\[[@ref10]\] Because NMIBC is generally a diagnosis of the elderly, many patients are unfit or unwilling to undergo radical cystectomy as recommended. Such high rates of progression and recurrence demanding intervention pose significant morbidity and distress for the patients. We present a review of the literature regarding treatment options for patients who have failed BCG therapy.

MATERIALS AND METHODS {#sec1-2}
=====================

We performed a literature search using standard search engines with the last search in March 2015. Articles were identified for review regarding NMIBC and intravesical treatment after BCG failure. The references of these articles were then reviewed to find any article left out of the initial literature search for further review.

 {#sec2-1}

### Valrubicin {#sec3-1}

Valrubicin is the only therapy approved by the United Stated Food and Drug Administration (U.S. FDA) for BCG-refractory CIS. This is based on an open-label, phase III trial performed in 90 patients, all of whom had CIS.\[[@ref11]\] All patients experienced recurrence after receiving at least one prior intravesical therapy. The complete response (CR) rate to a 6-week induction course of valrubicin was 32%.\[[@ref12]\] These data were updated recently, and the updated CR rate was 18% in two separate trials of valrubicin, while 4% of patients were expected to be disease-free at 2-year follow-up. The rate of progression was low. Therefore, despite FDA approval, long-term disease-free survival (DFS) remains poor with valrubicin and highlights the need for development of additional bladder-conserving therapies.

### Gemcitabine {#sec3-2}

Gemcitabine is a deoxycytidine analogue that inhibits DNA synthesis.\[[@ref13]\] When combined with cisplatin, gemcitabine is administered systemically as neoadjuvant chemotherapy in patients with muscle-invasive bladder cancer.\[[@ref14]\] The use of intravesical gemcitabine for salvage therapy after BCG failure was first explored by Dalbagni *et al*. in 2002 \[Table [3](#T3){ref-type="table"}--[5](#T5){ref-type="table"}\].\[[@ref15]\] The results of their phase I trial demonstrated no drug-limiting toxicities at the maximum dose of 2000 mg/100 cc bicarbonate buffered saline administered twice weekly for 3 weeks with a 1-week break and then a second 3-week cycle of twice weekly instillation. In this phase I study, 39% of the patients experienced a CR at the 8-week follow-up. Adverse reactions included nausea, frequency of urination, intermittent gross hematuria, fatigue, and skin reaction. The initial results of this trial were then carried into a phase II trial in 30 patients given a 6-week course of induction therapy.\[[@ref16]\] CR was assessed by visually negative cystoscopy, no tumor on biopsy, and negative cytology at 8 weeks, and then serial cystoscopy every 3 months. All patients had intermediate- to high-risk disease, including 76.6% of patients with CIS. Fifty percent of patients had a CR with median DFS of 3.6 months. At 1 year, 10% of patients experienced DFS, while two of the 30 patients had disease progression, including one with initial CR. All patients were BCG-refractory or -intolerant.\[[@ref17]\] The follow-up of this study was then published by Sternberg *et al*. in 2013.\[[@ref18]\] They followed 69 patients with intermediate- and high-risk disease who received induction therapy with gemcitabine after failing BCG, and found that 39.1% had a CR. Of the 69 patients in the study cohort, 37 patients had BCG-refractory disease, while only five were BCG-intolerant, 65 had high-grade disease, and 52 had either T1 or CIS, or both, demonstrating a good response in high-risk patients.
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The use of intravesical gemcitabine for BCG failure
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The use of intravesical docetaxel for BCG failure
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The use of intravesical PDT for BCG failure
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A multicenter phase II trial evaluated gemcitabine in 116 patients at European centers in patients with intermediate- and high-risk disease.\[[@ref16]\] Seventy patients in this trial were naïve to intravesical therapy, while 46 had received at least one prior treatment, most with BCG. In this trial, 2000 mg in 50 cc of diluent was administered over 6 consecutive weekly treatments. Patients were followed with cystoscopy and cytology every 3 months for recurrence or progression. At 1 year, 74.6% of patients were disease-free. Progression occurred in seven patients. Multivariate analysis did not reveal significant differences in patient characteristics; however, this trial was conducted in more intravesical treatment-naïve patients than BCG failure patients, and the results for BCG failure must be interpreted with caution. A SWOG trial was conducted in 47 patients with intermediate- to high-risk NMIBC (42 of 47 were high-risk) who had failed two prior induction cycles of BCG or BCG/interferon (IFN), with the most recent case being within at least 36 months of the trial.\[[@ref19]\] Patients received 2000 mg gemcitabine in 100 mL for a 6-week induction, followed by 10 months of maintenance therapy. The study demonstrated a 47% CR rate at 3 months, 27.6% DFS at 12 months, 21% DFS at 24 months, and progression in two of 47 patients. This high-risk patient population likely accurately reflects the course of typical early BCG failure in that there is a substantial subset of patients who will respond to gemcitabine treatment, with a significant number of those patients achieving prolonged DFS.

BCG versus gemcitabine as second-line therapy has also been compared in patients with high-risk disease and first-time BCG failure. DiLorenzo *et al*. randomized 40 patients to transurethral resection (TUR) and then either 2000 mg/50 mL of gemcitabine instilled twice weekly for 6 weeks with 3 weeks of maintenance therapy at 3 months, 6 months, and 12 months, versus TUR followed by 6 weeks of induction with 81 mg/50 mL BCG and 3 weeks of maintenance therapy at 3 months, 6 months, and 12 months.\[[@ref20]\] There was no difference between groups in terms of grade, stage, or concomitant CIS. Recurrence was evaluated by cystoscopy, cytology, and confirmatory biopsy every 3 months. At a median follow-up of 15.2 months, 47.5% of patients in the gemcitabine arm were disease-free, compared to 12.5% in the BCG arm. The poor response to BCG was unexpected given that both groups had similar disease characteristics; however, the type of BCG failure was not reported for either group and might have contributed to this. Progression was similar in both groups, with 33% and 37% progression in the gemcitabine and BCG arms, respectively. In a smaller cohort of 20 patients treated with gemcitabine with the same protocol, at 15.2 months, 45% of patients experienced DFS, while five of 20 patients experienced disease progression.\[[@ref21]\]

In a phase III randomized trial, 109 patients with intermediate-risk NMIBC who had received prior treatment with BCG or epirubicin were randomized to receive five doses of 40 mg mitomycin C (MMC) or 6-weekly doses of 2000 mg/50 mL gemcitabine with responders receiving 10-monthly maintenance doses.\[[@ref22]\] At a median follow-up of 36 months, 72% of patients in the gemcitabine and 61% of patients in the MMC arm experienced DFS. No patient had CIS. Median time to recurrence in the mitomycin arm was 15 months, while in the gemcitabine arm, it had not yet been reached. Ten patients in the MMC and six patients in the gemcitabine arm had progression, which suggests that gemcitabine might be a viable treatment option in patients with intermediate-risk disease in place of MMC. These results are promising. The data suggest that gemcitabine is an emerging therapy for the treatment of NIMBC after BCG failure and is less toxic than MMC, which is in agreement with a recent Cochrane review.\[[@ref23]\] It provides some evidence for the efficacy and importance of maintenance regimens for intravesical chemotherapy in maintaining and prolonging DFS.

### Taxanes (paclitaxel and docetaxel) {#sec3-3}

Taxanes exert their action via the inhibition of microtubule depolymerization, leading to cell cycle arrest and cell death.\[[@ref24]\] A phase I trial in 18 patients failing two prior courses of BCG found no dose-limiting toxicity to docetaxel at 75 mg.\[[@ref25]\] Adverse drug reactions included dysuria, hematuria, and urgency without systemic toxicity. All patients could hold the medication for 2 h in the bladder. Fifty-five percent of patients had a CR at 4-week follow-up.\[[@ref26]\] Long-term follow-up of the phase I trial at a median of 48 months confirmed DFS in 22.2% and progression in 11.1% of the patients. This cohort of 18 patients and 15 additional patients were followed up.\[[@ref27]\] Sixty-one percent of patients were found to have a CR. Half of these patients received maintenance therapy with docetaxel for up to 9 months. At the median follow-up of 29 months, 1-year DFS was 45% and 2-year DFS was 32%. This cohort was expanded to 13 patients with intermediate- and high-risk NMIBC having received at least one prior induction cycle of BCG, who received 75 mg docetaxel and monthly maintenance therapy for 9 months. The CR rate was 76.9% and the DFS was 46.2% at the median follow-up of 13 months.\[[@ref28]\] Follow-up on 54 patients treated by the same group showed that 59% of patients experienced a CR. DFS at 1 year was 40% and at 3 years was 25%. When analyzed for those who received maintenance docetaxel and those who did not, median time to recurrence was 39.3 months versus 19 months, respectively.\[[@ref29]\] Findings were not statistically significant, and the patient sample size was limited in these cohorts. However, the CR rate to docetaxel in BCG-refractory NMIBC was initially high (55-75%). These studies underscore the importance of maintenance therapy after CR.

Paclitaxel bound to albumin (nab-paclitaxel), a second taxane with similar mechanism of action of docetaxel, is approved for use in breast cancer, with increased prolongation of progression-free survival in patients with metastatic disease compared to docetaxel.\[[@ref30]\] Given these findings, nab-paclitaxel was evaluated in 18 intermediate- and high-risk patients with NMIBC who had been treated with BCG/IFN and MMC.\[[@ref31]\] There were no dose-limiting toxicities in this phase I trial and 28% of patients experienced a CR after 6 weeks of inductions. This was then evaluated in a phase II trial of 28 patients.\[[@ref32]\] Thirty-five percent of patients experienced a CR, and eight of 10 of these patients went on to receive 6 months of monthly maintenance therapy. Seven of these eight patients were free of disease at a mean follow-up of 21.

### MMC and thermochemotherapy {#sec3-4}

MMC cross-links DNA and inhibits DNA synthesis.\[[@ref33]\] It is the standard of care to instill MMC after transurethral resection of bladder tumor (TURBT). This has been combined with a local microwave hyperthermia device (Synergo, Medical Enterprises, Amsterdam, the Netherlands). A multicenter trial was conducted in 83 patients with intermediate- and high-risk recurrent NMIBC that compared MMC to MMC plus local microwave hyperthermia.\[[@ref34]\] In this study, 42 patients were assigned to receive microwave hyperthermia with MMC, with 41 patients receiving MMC alone. In each group, 42% of patients had received prior therapy with BCG, MMC, or epirubicin. Induction was 8 weekly treatments, and then monthly maintenance was performed for 4 months. The study found that 17.1% of patients in the MMC plus microwave hyperthermia group versus 57.5% in the MMC-only group experienced recurrence of disease. This difference was found to be statistically significant. A long-term, intention-to-treat analysis at a median follow-up of 90 months of 65 of the initial 75 patients demonstrated that 40% of patients in the MMC plus microwave hyperthermia group and 80% of patients in the MMC-only group experienced recurrence of disease.\[[@ref35]\] These data should be interpreted with caution, as over half the patients in each group were naïve to intravesical therapy. These data do, however, support the superiority of MMC plus microwave hyperthermia to MMC alone.

Witjes analyzed 49 patients receiving MMC plus microwave hyperthermia for 6 weeks followed by 6 maintenance treatments at 6-week intervals. Thirty-four of the patients in this cohort had failed BCG and all had CIS. At initial evaluation, 92% of patients were disease-free. Fifty-one percent of patients at the median of 22-month follow-up remained free of disease, while four of the patients were found to have disease progression after cystectomy. These results were not dependent on prior BCG treatment and were similar in both groups.\[[@ref36]\] In a more recent series of 21 patients receiving MMC plus microwave hyperthermia, MMC plus microwave hyperthermia was poorly tolerated, requiring cessation of therapy in 38% of patients. At a median of 50 months, 29% of patients remained recurrence-free.\[[@ref37]\] Further evaluation of MMC plus microwave hyperthermia to improve tolerance and in cohorts composed solely of patients with BCG-refractory NMIBC are needed.

### Photodynamic therapy {#sec3-5}

PDT involves the administration of a photosensitizing agent with activation of the agent by light at the appropriate wavelength. This has been investigated for use in BCG-refractory NMIBC using 5-aminolevulinic acid (5-ALA). The first report of PDT using oral 5-ALA was published by Waidelich *et al*.\[[@ref38]\] In a cohort of 24 patients with median follow-up of 36 months and at least two prior courses of BCG, 19 of 24 patients achieved a CR to therapy, including all patients with CIS. This response was durable at publication in 60% of patients with CIS and 21% of patients without CIS. Noted side effects included nausea, hypotension, tachycardia, and some skin sensitivity. These resolved within 24 h but were noted to require intervention to maintain hemodynamic stability in some patients with oral administration of 5-ALA. An additional study was performed in 31 patients, 10 of whom had received BCG, while 21 were intravesical therapy-naïve, which demonstrated a good tolerability of PDT.\[[@ref39]\] In a group of 11 patients, 10 with prior therapy, 7 of 11 patients treated with PTD and ALA experienced a CR at 3 months and 5 of the 11 patients experienced DFS at median of 18 month follow-up.\[[@ref40]\] In patients unfit for radical cystectomy for cardiovascular reasons, it should be noted that systemic ALA can cause hemodynamic instability.

PDT with intravesical hexaminolevulinate (HAL) was investigated in a phase I trial of 17 patients with intermediate or high risk NMIBC, of whom 15 had received prior intravesical therapy.\[[@ref41]\] These patients received three treatments, 6 weeks apart, with varying energy levels and differing concentrations. Adverse events were severe, irritative voiding complaints without any noted hemodynamic instability. Initial CR rate was 52.9%, with 21 months' DFS achieved in 11.8% of patients.

Radachlorin, a third photosensitizer has also been investigated in a prospective trial of 34 patients with high-risk NMIBC and BCG failure.\[[@ref42]\] This trial demonstrated that radachlorin was also safe without significant adverse events. The authors also demonstrated a CR rate of 100% at 12-week follow-up and 60.1% DFS at 30-month follow-up. These studies are small and underpowered to assess efficacy; however, PDT with photosensitizing agents, especially HAL and radachlorin, appears to be safe and well-tolerated. Future investigations into radachlorin are warranted to confirm these promising results. PDT is only available in highly specialized centers.

### BCG/IFN {#sec3-6}

IFN is an immunostimulant that has been evaluated in patients with BCG failure and been found to have some efficacy as a single agent in BCG failure.\[[@ref43]\] However, IFN has most thoroughly been evaluated in combination with BCG. An induction and maintenance course of one-third dose BCG/IFN therapy was described in 42 patients with recurrence after BCG failure.\[[@ref44]\] It was found that 63% and 53% of patients were free from recurrence at 12 months and 24 months, respectively. All patients who completed maintenance therapy were disease-free at median 30-month follow-up. A second cohort of BCG-naïve and BCG-refractory patients demonstrated an initial CR rate in 60% of the BCG-refractory patients, and DFS at median 22 months in 95% of patients.\[[@ref45]\] A large, multicenter trial of 1,007 patients both naïve to BCG and having failed BCG received full-dose BCG/IFN or one-third dose BCG/INF respectively with induction, and then three maintenance courses.\[[@ref46]\] At 24 months' median follow-up, 45% of patients in the BCG failure arm were disease-free. Multivariate analysis revealed that stage T1 tumors had a lower response than stage Ta, that tumors larger than 5 cm had a worse outcome than those less than 1 cm, and that multifocal disease and more than two BCG failures predicted a worse outcome.

### Sequential gemcitabine and MMC {#sec3-7}

Both gemcitabine and MMC have shown promise in NMIBC. A phase I trial of 10 patients who underwent a 6-week course of induction therapy with instillation of gemcitabine followed immediately by MMC in the same sitting and then 12 monthly maintenance treatments was performed.\[[@ref47]\] In this study, nine of 10 patients had failed BCG, eight of 10 had failed BCG/IFN, and one patient had failed MMC. Patients were evaluated by biopsy at first cystoscopy. Six of the 10 patients had a CR, which was durable at median 14 months of follow-up. One patient progressed. No major adverse drug reactions were reported. In a larger study of 27 patients, 23 of whom had recurrent high-risk disease, all of whom had received at least one course of intravesical therapy, 63% of patients experienced recurrence at a median of 15.2 months\[[@ref48]\] Induction therapy was 6-8 weeks and maintenance therapy was not standardized, as only three patients received maintenance. The largest multi-institutional study was conducted in 47 patients having failed a median of two intravesical treatments.\[[@ref49]\] Ten of the 47 patients were naïve to prior therapy. Patients were given a 6-week induction course and 12 months of maintenance therapy. The CR rate was 68%. DFS at 1 and 2 years was 48% and 38%, respectively. The data from these studies are promising and support intravesical sequential therapy; however, the cohorts are small and prospective data are missing.

### Radical cystectomy {#sec3-8}

Limited prospective trials are available to assess the timing of radical cystectomy for NMIBC and no trials could be found comparing radical cystectomy and intravesical chemotherapy after BCG failure. A retrospective comparison of two cohorts, of 307 patients studied from 1980 to 1989 and 589 patients treated between 1992 and 2004, with BCG for NMIBC examined T1 disease specifically.\[[@ref50]\] In the cohort of 307 patients, the authors found that of 85 patients with T1 disease at re-TUR who received a second course of BCG, 60 (70%) of the patients had progression to muscle-invasive disease at a median of 4.3 years of follow-up. In the 589-patient cohort, 129 patients had T1 disease at recurrence. At a median follow-up of 2.2 years, 77 of the 129 patients (60%) experienced progression of disease. In the 307-patient cohort, 42 patients died from bladder cancer at a median of 2.5 years from recurrence and nine died of other causes. In the larger cohort, 30 patients died from disease and 31 of other causes at median of 2.7 years of follow-up. The difference noted between these two groups was that cystectomy was offered earlier in the larger, more contemporary cohort. This study does highlight a reasonably high rate of progression in patients with T1 disease after BCG treatment.

A second similar, retrospective comparison of a historic cohort (77 patients treated 1993-2002) and a contemporary cohort (75 patients treated 2003-2007) was performed in patients who had failed BCG induction and underwent radical cystectomy.\[[@ref51]\] There were no differences between the groups including time to cystectomy, progression at cystectomy, final disease stage, or prior BCG treatment. In the first and second groups, 43% and 52% of patients, respectively had muscle-invasive disease at cystectomy. In these studies, patients with recurrence after BCG failure who underwent cystectomy were noted to have progression of disease in 43% to 70% of cases, with high-grade T1 tumors posing the largest risk. Herr *et al*. demonstrated that patients who undergo cystectomy within 2 years from BCG failure have better outcomes than those who undergo cystectomy more than 2 years after failure.\[[@ref8]\] This suggests that, despite the risk of progression, there is still a window in which patients have the opportunity to receive bladder-conserving therapy.

DISCUSSION {#sec1-3}
==========

The current standard of care for recurrent, high-grade NMIBC BCG failure is cystectomy. However, the evidence for cystectomy is mostly retrospective in nature, and many patients are either unfit or unwilling to undergo cystectomy. In addition, radical cystectomy has been associated with significant morbidity and mortality.\[[@ref52]\] Despite this, quality of life after cystectomy is largely unchanged,\[[@ref53]\] while surveillance and intravesical treatments can impact the quality of life.\[[@ref54]\] The healthcare costs associated with bladder cancer are significant, with increased costs in patients with muscle-invasive disease compared to NMIBC; however, the cost of progression is significantly higher than either group.\[[@ref55]\] As up to 70% of patients recur and up to 30% progress after BCG therapy, it is of vital importance to define appropriate treatment options for these patients.\[[@ref3][@ref5][@ref10]\]

Evidence for most therapies is from small, retrospective cohorts, with heterogeneous patient populations, which are likely biased owing to poor patient fitness for radical cystectomy. In terms of nonchemotherapeutic therapies, results of recent PDTs, especially with radachlorin, for CIS, are promising. Single-agent chemotherapy can achieve a CR rate of up to 50% for gemcitabine, 77% for docetaxel, 35% with nab-paclitaxel, and 32% for valrubicin,\[[@ref11][@ref12]\] with a trend for improvement when maintenance therapy is given. Long-term DFS is still difficult to achieve despite these CR rates. MMC plus microwave hyperthermia has been shown to be superior to MMC alone, with CR rates of up to 92% having been reported. These must be interpreted with caution, as current studies include BCG-naïve and BCG failure cohorts and there is some evidence that microwave hyperthermia might not be well tolerated.

As systemic chemotherapy is generally given in combination with multiple agents, it would make sense that combination therapy might be more efficacious in bladder cancer. Combination therapy with BCG/IFN is promising and represents the largest prospectively studied cohort of patients to date with BCG failure in NMIBC. A CR rate of up to 60% has been described, and with maintenance therapy, 24-month DFS was noted in 45% of patients.\[[@ref46]\] In addition, the combination of gemcitabine and mitomycin given sequentially has been shown to be well tolerated, with CRs in up to 68% of patients, with up to 38% DFS at 2 years with maintenance therapy.

It is possible that BCG-refractory disease might represent a more aggressive or treatment-resistant form of NMIBC. In addition, cystectomy studies suggest that many of these patients, especially those greater than 2 years from BCG failure, will have already had progression of disease at the time of initiation of second-line intravesical treatment. Further studies are needed to best define treatment options in BCG failure, including possible prospective trials comparing intravesical treatments with early cystectomy. The classification of failure, individual tumor characteristics, and comorbid conditions of those treated should be addressed for analysis. In addition to DFS and progression, overall survival and cancer-specific survival should also be considered, as NMIBC is often a disease of the elderly patient with multiple comorbid conditions. PDT also shows promise, and future studies might consider combining PDT with other intravesical therapy. Currently, the combination of multiple, sequentially administered chemotherapeutic agents with a maintenance protocol or therapy with hyperthermia appears to provide improved outcomes over single-agent trials and should be considered for further investigation.

 {#sec2-2}

### Financial support and sponsorship {#sec3-9}

Nil.

### Conflicts of interest {#sec3-10}

Nathan A. Brooks: None. Michael A. O'Donnell: Consultant/Advisor for the following: Cytologics, Sanofi-Aventis, Viventia, Merck, BioNiche, Sonacare, BioCencell, Theralase.
